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b The effectiveness of audiotutorial and
- teacher-directed inquiry in promoting school achievement was
~explored. High school biology students from tvo dissimilar -
. populations were administered ten Piagetian-styled tasks to determine:

. the student®s operational level. Analysis of data on operatjonal

level and age determined that inner-city students (N=41) wvere at a
significantly lower operational "level and found to bg significantly
older “than rural sStudents (N=115). Random assignments of- -
- instructional treatments to groups:of students vithin intact classes
' were made, where each group was instructed by the same teacher and .

covered identical instructional units. Summative testing following =

_the end of the instructional périod Wwas analyzed for difference ‘'in
mean achievement due to treatments and level of cognitive - '

development. Results showed that there was no significant treatment
effect in within-school comparisons; there was a significant ‘

~ difference in mean achievement in favor of the formal operational
—— students. Significant differences were found in all between-school
- comparisons except when inner-city concrete operational students in
the audiotutorial group were. compared with rural concrete operational
students, in either treatment. ImPlications of -the use of the
audiotutorial format with students stabilized at the concrete
operational level are discussed. .(CS) ' '
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' samples/of dlsadvantaged h1gh school students, Nordland Lawson, and Kahle

found both a 'lower incidence: of formal thought development and 1ncomplete

INTRODUCTION
Based upon -their observatlons of cogn1t1ve development for Swiss chlldren,

Inhelder and P1aget1 1nd1cated that formal opeTatlons begin to develop be-
tween the ages of ll and 12, In deference to thls\generallzed tlme frame,
recent studies indicate that approximately 50 percent of secondary school

students have not. reached the formal operatlonal stage.z-5 Further,‘for
6

decalage (generallzatlon of operatlons for a particular state) of concrete
Lo . 7 '
conservation operations. Kohlberg and Mayer' have 1nd1cated that the devel-

opment of formal operatlons is.more dependent on the extent of horlzontal

hdecalage of concrete‘operations thanjthe age of their onset. ' Instructional

units *ncorporating direct confrontation. withkproblems\requiring concrete
reason1ng could have, therefore, a two fold effect- generalization‘Of con-

‘- crete log1cal thought and an increase in the probablllty for formal thought

'A; development.

The purpose of this study was to explore the effectiveness of an audio-tutorial\
(A T) and a teacher directed 1nqu1ry (TDI) mode 1n promot1ng school ach1evement.
on units present1ng concrete reason1ng problems for samples “of. students differ-
ent1ated by the1r development of formal thought and completeness of” decalage on

concrete and formal conservation tasks.



METHODS

ot el DRI

Sub:ects .

' 'The study employed_subjects enrolled in introductory high school'biology classes

at an urbau, senior high school and-a rural, consolidated high school.

sample at the urban h1gh school con51sted of 55 students.. Because of excessive

absenteelsm, change in school or personal problemq, 25 percent of the sample'

- did not complete the study The mean age of the 41 urban subJects completing
-Jthe study was 16.2 years' mean age for the 115 ruraJ h1gh school subJects was

.) ",, .
14 2 years. Standardized measures' of achlevement and ability were obtalned /~

.

‘4 months prlor to the experlmental perlod for al All subJects had -

subJects.
been a551gned,by computerlzed scheduling into three class perrods at both schools.

~Materials and ! rocedures V

Random a551gnment of an audlo-tutorlal 1nstructlona1 format %A-T) to two classes

/ ~

and a te /her d1rected 1nqu1ry format (TQIQ to one class was/made follow1ng the
-Piagetian.testlng at each_school.' Each class was-xnstructe7
3 : t" " .
’The treatment
|

one at the urban school and two team teachers~at the rural-fchool
Y groups covered idertical instructional units hav1ng in’ comqon prlntgd study

/

The four un1ts 1nc1uded d1rect confroatatlo with problems of con-
i

servation of phy51ca1 quant1ty, the.structure of grouang (Grouplng I: Prlmary

. \ !

'Addition of Classes), the concept of rever51b111ty of cognltlve operatlons and |

tguldes, behav1ora1 obJectlves, tanglbles, add1t10na1 exper iments ajd final ' sum- _

mative'test.

In ahd1tlon, 35 mm color
/

”controlled experlmentatlon employing two varlables.
‘ .
slldes were produced for the TDI treatment 111ustrat1ng p&dhlems based on ‘the:

wr1tten objectives of each unit. Tlme allowed for 1nstructlon was - determlned o

by the studeht's pace through the units. _Summatlve teStgng directly followed_
. . ~ Y - . 4, =t
the end of the instructional period. :

by the same teacher,".

;_The'initialp:
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Test Instfuments‘

-Ten Plagetlan styled tasks, lnd1v1duallywadmlnlstered deternlned the subJect s .
operatlonal level ~The tasks were conservation of (1) number, (2) substance,
(3 cont}nuous quantity, (4) length,i(S) atea, (6)'weight, (7) voiume using
.clay;\(Sl‘volune usinglblocksj the‘Sepatation of Variables and Equilibtiunhin
.thezBalance. Material apparatus, protdeols, evaluation; and'scoring of the
tasks followed proceduresused by Nordland, Lawson, and l\ahle6 tor conserva~
~ tion of number through we1ght; Lawson Nordland and Dev1t08»for conservation
of volume using. clay and blocks; and Piaget, Inhelder and Szem1nska§~for the
two formal tasks.
Subjects were interviewed by three testers ét‘the‘utban high school and five
‘testers at the nural high school. Conslstency between testers' scoring was
determined by«analysis_of variance. The.hypethesiéhthat there is no differ~
' ence in nean seoring between testers was‘net rejected at,both school (F =
l.55,.p = 0.523"F = 1.45, p = 0.222 for utban.and rural schdols, re5pectively)i

Achievement values were obtained from the isubject's ‘raw scores on the summative

r

test coverlng all four units. The items. were Judged by teachers in sc1ence

/.
education to assess the content and cognltlve processes of the 1nstruct10nal
objectives. The réliabilities of this 32 item test, calculated by the"Kuder-'

Richardson formula 20,-were 0.71 and 0.78 for the urban and rural samples
[ ‘ : . : :
'_.__:..L.. e

re;pectlvely. Item analysis indicated that the test was composed/prlmarlly
of items 1n the average (0.51 - 0.75) and hard (0 26 - 0. 50) d1ff1culty levels .
' and that a majority of the 1tems (21 ‘and 23) dlscrlmlnated among the ach1eve-

ment levels of the urban and rural subJects respectlvely.

Ut




RESULTS

The operatlonal level of thevsubJects determlned by the total scoresvof the
Plagetlan tasks are shown in Figure 1. Comparlson of the two samples u51ng
f‘*'“‘*f' the Kruskal--Wallace10 one-way ana1y51s of variance by ranks indicated a sig-
~nificant difference.in operatdonal level in favor ofothe rural sample (H =
120.29; p < .001). Differences in the percent of students exhibiting conserva-
tion oﬁflIB”taskei(BS V§2189 Pércentj and IIIA tasks (24.ys.“44 bercent) in

both cases favored the rural sample.

/» . cv

_-The d1fference in mean age was also 51gn1f1cant (F = - 202. 1; P < 000) e.
urban sample was older by an average of two years. Correlation' of mean age .

- with tota] P1aget1an scores indicated a 51gn1f1cant negatlve correlation for
the urban sample (r = - 245) and an 1n51gn1f1cant p051t1ve correlatlon for the
rural sample (r = 101) ' Correlation between cogn1t1ve level and the follow-

‘1ng standarlzed measures, STEP Reading and Science and SCAT Verbal and
Quantitative, were all 51gn1f1cant (p< 01) for both samples. Ind1v1dua1
Pearson T's ranged from 0. 331 to 0.402,

- D1fferences in mean achlevement between the treatment groups were analyzed

by a one-factor analysis of varlance (Table‘l). No s1gn1f1cant differences'.
were found Therefore, -prior to ana1YZing differences'in mearn achievement

- for treatment groups subd1v1ded between concrete and formal operatlonal students,

'data.for the two A-T treatments were pooled. ‘




,Wlthln school comparlsons of mean achievement for treatment groups subd1v1ded
‘ beéveen conrete and formal operat10na1 students were made for all p0551b1e com- .

4par1§ons.l_Means and F-ratios of the -individual ANOVA's are reported in Tables

I1 and)\III.

' Between thool comparison of mean achievement for treatment groups subdivided
‘between Joncrete and formal operat10na1 students were made for all p0551b1e

.comparlsqn. Results of the 1nd1v1dua1 ANOVA's are reported in Table IV. o

\ :- . v . T i




operational, wh11e 21.9 percent were Judged as developing early formal thought. -

DISCUSSION

Comparison of the total scores on the Piagetian tasks between the two samples
’ H

1nd1cated that they represented two different high school populations.'_The

majority of the urban subJects (78 l percent) were categorized as concrete

Classification of the rural high school sample 1nd1cated an even distribution -

between the concrete stage (4s5. 3 percent) and the early formal stage (50.4

--percent), 4.4 percent were Judged as formal thinkers. ,When compared to--the

) rural sample, the urban subjects not only lagged further behind in cognitive

development but also did'so at a significantly‘oldérfage.~ These'findings

'-coupled with the observation of 1ncomplete decalage on the concrete conserva-

‘t
tion tasks for these students 1nd1cates that the major difference between the

samples is the stabilization of the urban subjects at the concretefoperational

level. /_ o ‘ - - /

For the rural sample level of cognitive development, not instructional mode

appears to be the primary'determinant of achievemen@ levels (Table II). . These .

achievement scores reflected an understanding of concrete concepts and factual
information, as only four of the thirty-two items required formal reasoning
ability. Since moderately sianificant correlations weré“found between cogni-
tive level and the selected standardized measures, differences 1n achievement |

between concrete and formal operational students may be due to both differences'

in the level of cognitive functionality ‘and differences in the avairability of .

relevant subsuming concepts in the cognitive structure of the studenté Further,
Kohlberg and Mayerz indicate a stage dependent relationship between cognitive .

»

development and development of 1nd1v1dual self concept. It seems reasonable

-8 , / .



- that. the self-paced audio-tutorial instructional mode is more likely to

' ameliorate the problems of low verbal and Sciencefabilfzmavd,$P9?%§EEM§9h9ﬁl"_

that.such a relationship may eftend to the development of academic_self concept.

Students capable of formal operations, therefore, may enter new learning»situ-

‘tions w1th a higher leve1 of- confidence in their ability to successfully acquire

new 1nformation and concepts.

. Although-the comparison of achievement means for the intact urban treatment

groups was not statistically 51gn1f1cant (Table I), the achievement means of the

‘ R -

two A-T groups were higher than the mean of the TDI group. Further, 51gn1ficant

'differences were found in all poSSible between\school comparison except for those‘

comparing urban .concrete operational subJects 1n the -A-T group with rural con-

crete operational subjects in either treatment (Table IV). While the relative

.. differences in mean achievement still favored the rural sample, this finding-is_h

r

of particular importance in light of the extreme cognitivé development'difference

shown to exist between these samples. The pattern of these results indicate

}‘

attendance common for this population. If stabilization of a particular
stage of development 1mpedes further cognitive growth then the goal of pro-
v1d1ng a meaningful instructional alternative in terms of 1ncreased levels
of&?chool achievement should not' be overlooked.. Thevlong term effect of in-

creased academic success on individuﬁl\self-concept and generalization of con-

L ‘s . N . o R
cretQ“ COgnltlve Operatlons may pronde an avenue to 1ncrease the incidence
'\ s . . .

of formal thought development for such populations. In thlS regard A-T may

provide a v1able alternative approach for students stabilized at the concrete

operational level.



1. ~ Inhelder, B. and J. Piaget, The Growth of Logical Thinking from

Childhood to Adolescence, New York: Basic Books, Inc., 1958.

2. Friot, F. E., The.Relationship Between an Inquiry TeachiqgvApprQach

and -Intellectual Development, quubiished Doctoral Dissertation,

k\\Unigfrsity of Oklahoma, 1970.

3. Higginsrffenk,NAL;and A. J. H. Gaite, "Elusiveness of Formal m”

Operational Thought," Proceedings, 79th Annual Convention,'APA,
- L : o \ :

1971, pp. 201-202. CoT

4. Lawson, A, and J. W. Renner, "A Quantitative Analysis oijesponses'foy

. 7’ . N . . '
Piagetian Tasks and Its Implication for Curriculum,'" Science Education,

1974, pp. 545-561.

5.  Renner, J. W. and D. Stafford, Teaéhing Science in the Secondary .

School, New York: Hérp r and Row, 1972.
6. Norland, F., A. Lawson and J. B..Kahle, "A Study of the Levels of.
.  Concrete and Formal Reasonlaﬁ Ab111ty in Dlsadvantaged Junior and
Senior ngh School Students," Sc1encevEducatlon, 1974, pp. 569-576:

7. Kohlberg, L. and R. Mayer, '""Development as the Aim of Education,"

Harvard Educational Review, 1972, pp. 449-496." "

8. Lawson, A., F. Nordland, and A. Devito, "Piagetian Formal Operationa1<
Tasks: A Crossover Study of Learﬁiﬁg.Effect and Reliability,"

Science Education, 1974, pp. 267-276.

———— ‘“‘“Plaget‘“j Dr‘Inhelderj“and“k“"sZEmInskaj“The Chrild*s Conception of

Geometry, New York: Harper and Row, 1960. |

10., ,Siegal, S., Nonparametric Statistics for the'Behavorial'Sciendes,

New;Yofk: McGraw:Hill Book Company, Inc., 1956.




ok - ’er'am';_” o | Rﬁ‘r’al\
 601= |

500 . T

Perc=nt o;EA Subkjects
-

40 - \

—_—
[
[

1

@ ‘ \ ' ‘ i ‘ p o

- w;%u_WM““imMJ.ﬂlou_ AU (O N A o )
‘ : \ ‘ ' < |

/ " \ | ’ \l 'l
¢ “; H ’ | \ L - ]—[ : m
SN \ M m my C IA I3 IIA I

| level o o |

' \ o Figure 1 , - A\
L | '\ | O.pérationavl Level of the Subjects - | o | ¢ 12
PR Q o C '\\. ' l‘ " ' | | |

“ERIC., C | ' | co S
A ruiton provided oy Eic ) \ . [ . ' A
. - NPT \ ) . . T




o omEED

! Vo

- .Comparison\pf Mean Achievenent. Scores

- byTreqtment.ﬁroup,‘Analysis of Variance e

*

| . ‘ _ ‘
Z"" ‘~ \ R ' School . Treatment N Mem  F_ FProbability

S SN TR A D ¥ S X R
f;~,:lltlv o wﬂ;ﬁan' \ AT - R/ A
o 1 R R 1Y

L T VIR R L
wal MW wr L

g CE | N

[ SR T




- TABLE I

| \\ Wothin School Comparison of Mean Ach1evement for Treatment Groups

'
\ i
| Subd1v1ded Betieen Operationa Leve] Rura] saple :
S o
L eient | . o
1% MM mom
| Cognitive Concrete -~ Formal ~ Concrete” - Formel
Level L S |
s | w0 8 w0 BE. |
| Concrete 1.9 2.06% 005 0 B -
AT | o S s =
| Fomal 2.45 .08 08|
| Concrete |, 1800 | TR L A
mo T ]
Fornal |} 23.25 .
|
| »
¥ p < 0,01 |
.\. «‘
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Within-School Compardson of Mean Achievement for Treatnent Groups
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